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RESULTS OF WATERFLOODING IN KANSAS OIL SANDS 
CONTAINING VISCOUS CRUDE OILS-/ 


by 


J. P. Powell2/ 


INTRODUCTION AND SUMMARY 


The application of secondary producing methods for recovering additional 
oil from known fields has been recognized for many years as important to the 
economy of the nation. One of the most successful secondary methods is water- 
flooding, which conserves our natural resources by preventing premature aban- 
donmment of stripper leases and revitalizing previously abandoned areas, 


Waterflooding as a secondary-recovery method was introduced into the 
Midcontinent region in 1931, and its use as such has become widespread. As 
with most new methods, the most favorable fields and leases received primary 
attention, whereas those with viscous oil or less favorable sand characteris- 
tics were bypassed, Numerous reports>_4 9 6 have been published giving the 
results of individual waterflooding projects. In this report, attention is 
directed to the effect of a single factor, the viscosity of the oil produced, 


Success in waterflooding has varied widely between formations, fields, 
and even different parts of the same reservoir. This is not surprising for 
there are many variables affecting the displacement mechanism and the wide 


1/ Work on manuscript completed September 1958, 

2/ Petroleum engineer, Bureau of Mines, Region IV, Bartlesville, Okla. 

3/ Powell, J. P., and Eakin, J. L., Water Flooding in the Oil Fields of 
Anderson, Franklin, Linn, and Miami Counties, Kans.: Bureau of Mines 
Rept. of Investigations 4991, 1953, 111 pp. 

4/ Powell, J. P., Survey of Water-Flooding Projects in Allen, Bourbon, 
Crawford, Labette, and Neosho Counties, Kans.: Bureau of Mines Rept. 
of Investigations 5317, 1957, 172 pp.; Water Flooding of Oil Sands in 
Butler and Greenwood Counties, Kans.: Bureau of Mines Inf. Circ. 7750, 
1956, 42 pp. 

5/ Powell, John P., and Johnston, Kenneth H., A Survey of Oil Production in 
Oklahoma by Water Flooding. Part I. Nowata, Rogers, and Craig Counties: 
Bureau of Mines Rept. of Investigations 4831, 1952, 160 pp. 

6/ « A Survey of Oil Production in Oklahoma by Water Flooding. Part II. 
Counties Other Than Nowata, Rogers, and Craig: Bureau of Mines Rept. of 
Investigations 4832, 1951, 142 pp. 
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range of conditions in petroleum reservoirs, Calhounl/ has classified the 
significant factors affecting waterflooding as follows: 


1. Fluid character. 

2. Rock character, 

3. Rock-fluid interrelationships, 
4. Past history. 

5. Operational control. 


It is notable that 3 of the 5 variables are largely beyond the control of 
the operator, and for semidepleted fields operational control is the only vari- 
able that can be readily changed. It is equally important to realize that no 
single factor, within wide limits, will condemn a property for waterflooding. 
For this reason, no rigid maximum viscosity of oil can be set as a limit of 
floodability. 


Many investigations8_2_10_ 11 12/ have included theoretical analyses of 
oil displacement from porous media. Most of them necoayree the particular 
importance of a low value of what Dykstra and Parsons2/ called the mobility 


ratio which is defined as follows: 


Ky Me 
-° oe? 
“2 Md 
where: 

Ka = the relative permeability to the displacing medium 

es behind the bank of oil; 

x = the relative permeability to oil in the oil bank; 

Ud andHo = Viscosity of displacing medium and oil, respectively. 


7/ Calhoun, John C., Jr., A Resume of Factors Governing Interpretation of 
Water-Flood Performance: Producers Monthly, vol. 21, No. 6, April 1957, 
pp. 44-48, 

8/ Buckley, S. E., and Leverett, M. C., Mechanism of Fluid Displacement in 
Sands: Trans. AIMME, vol. 146, 1942, pp. 107-116. 

9/ American Petroleum Institute, Drilling and Production Practice, 1940; 
Moore, T. V., A Review of the Principles of Oil-Reservoir Performance: 
API, New York, N. Y., 1941, pp. 97-104, 

10/ American Petroleum Institute, Secondary Recovery of Oil in the United 

States; ch. 13, Fancher, G. H., Theoretical Considerations Involved in 

Secondary-Recovery Operations: API, New York, N. Y., 2d ed., 1950, pp. 

175-194, 

11/ Work cited in footnote 10, ch. 18, Heath, W. A., Influence of Viscosity of 

Crude Oil on Secondary Recovery: Pp. 228-232, 

12/ Hocott, C. R., and Buckley, S. E., Measurements of Viscosities of Oils 

Under Reservoir Conditions: Trans, AIMME, vol. 142, 1941, pp. 131-136. 

13/. Work cited in footnote 10, ch. 12, Dykstra, H., and Parsons, R. L., The 

Prediction of Oil Recovery by Water Flood: Pp. 160-174. 
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Much thought has been given to favorably changing the mobility ratio by 
increasing the viscosity of the displacing fluid or decreasing the viscosity 
of the oil. The former is impractical because of limitations as to the maximum 
injection pressure that may be used without damage to the reservoir, increased 
power cost for injecting a more viscous fluid, slower producing rate, and 
greater cost of most fluids of this type. The yisegsity of the oil can be 
reduced by heat, and many field experiments+t+1>_16 using this principle have 
been tried; however, they have not been successful economically. 


Following a study of the feasibility of producing viscous California oils 
by waterflooding, Friedl reported: "The results of this investigation pri- 
marily serve to show the relative importance of oil viscosity on recovery by 
waterflooding."' 


Because it is difficult to evaluate independently the effect of oil vis- 
cosity on the results of waterflooding in the Midcontinent region, the purpose 
of this report is to give the results of several projects producing oil of 
more than average viscosity. Six projects in eastern Kansas (fig. 1), produc- 
ing from four different sands, are described in detail as to history, methods 
of completion, operation, and results. The report also presents data on the 
characteristics of the injected water and produced oil. 


Table 1 shows that, for these 6 projects, the absolute viscosities of the 
produced crude oils range from 64 to 286 centipoises (cp.) at 60° F. and from 
31 to 83 cp. at 100° F. The effect of viscosity on the recovery of oil by 
waterflooding has been discussed by Fried.18/ Sage and Laceyl9 have shown 
that, although the viscosity of an oil increases with pressure, the solution 
of gases causes the viscosity to decrease until the saturation pressure is 
reached, from which point it increases, Changes with time in the viscosity 
of the crude oil produced during the life of a flood, shown in table 1, may 
be explained in part by the previous injection of air or gas into the oil 
sand and subsequent increases in pressure during flooding. Additional analy- 
ses of samples of oil (items 1 to 6a), produced during different periods in 
the life of floods, are given at the end of this report and show the changes 
in the characteristics of the crude oil produced during flooding. 


In general, methods of waterflooding viscous oils do not differ greatly 
from those conventionally used, Both open and closed water-conditioning 
systems are employed. Completions and operational methods are similar, but 
input rates and pressures are carefully controlled to prevent channeling and 
bypassing of the injected water, 


147 Stoval, S. L., Recovery of Oil From Depleted Sand by Means of Dry Steam: 
Oil Weekly, vol. 74, No. 9, Aug. 13, 1934, pp. 17-24, 

15/ Lindsley, B. E., Oil Recovery by Use of Heated Gas: Oil Gas Jour., vol. 
27, No. 31, Dec. 20, 1928. 

16/ Kuhn, C. S., and Koch, R. L., In Situ Combustion: Oil Gas Jour., vol. 
52, No. 13, Aug. 10, 1953, pp. 92-96. 

17/ Fried, A. N., Effect of Oil Viscosity on the Recovery of Oil by Water- 
Flooding: Bureau of Mines Rept. of Investigations 5115, 1955, 34 pp. 

18/ Work cited in footnote 17. 

19/ Sage, B. H., and Lacey, W. N., Viscosity of Hydrocarbon Solutions: 
Ind, Eng. Chem., vol. 32, April 1940, pp. 587-589. 
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Analyses of oil-sand cores show comparatively high porosity, permeability, 
and oil saturation. These factors compensate for longer recovery periods, 
less efficient recoveries, and lower prices of the viscous crude oils. 
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DISCUSSION OF INDIVIDUAL PROJECTS 


Allegany Oil Co, Persons Project 


Early waterflooding on the Allegany Oil Co. Persons project in sec. ll, 
T. 20 S., R. 23 E., Linn County, Kans., was described in a report by Powell 
and Eakin,20/ During January 1953, a pilot project (flood 1) in the "upper" 
Peru sand was abandoned, and flood 2 was started as a pilot test on the "lower" 
Peru sand, The operators, encouraged by the success of the second pilot flood, 
expanded it to cover 23 acres on the Persons lease. However, expansion to the 
south was discontinued when unfavorable sand conditions were encountered after 
a few wells were drilled on the Hampton lease. The project now covers approx- 
imately 23 acres on the Persons leases and about 4 acres on the Hampton leases, 
Like wells on the Persons lease are spaced 247 feet apart, whereas spacing on 
the Hampton lease was increased to 330 feet. Figure 2 is a map of the devel- 
oped area and a graphical record of the waterflood oil production from the 
project. 


The formation flooded, known locally as the Peru sand, occurs at an aver- 
age depth of 220 feet and has an average thickness of 15 feet. Analyses of 
cores, cut before development of the flood, indicated that the formation had 
the following average reservoir conditions: Porosity, 20 percent; permeabil- 
ity to air, 106 millidarcys; oil saturation, 58 percent; and water saturation, 
27 percent. The specific permeability ranged from nearly zero to 473 milli- 
darcys, and the average effective permeability2l/ to water was 17 millidarcys. 
Figure 3 shows the results of the analysis of a representative core. A sample 
of oil taken before water injection had an API gravity of 23.3° and a viscos- 
ity of 55 cp. at 100° F. A sample taken after the flood had been in progress 
more than 3 years had an API gravity of 26.4° and a viscosity of 41 cp. at 
100° F,. The characteristics of 2 samples, taken 1 year apart, are shown in 
items 1 and la. The lower gravity (23.3° API) and high viscosity of the sam- 
ple taken before water injection probably resulted from oxidation of some com- 
ponents and evaporation of lighter hydrocarbons because of earlier air injection. 


20/ Powell, J. P., and Eakin, J. L., Water Flooding in the Oil Fields of 
Anderson, Franklin, Linn, and Miami Counties, Kans.: Bureau of Mines 
Rept. of Investigations 4991, 1953, pp. 59-61. 

21/ Effective permeability is determined by passing water through the sample 
without removing the fluids contained in the core as it was recovered, 
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History Before Flooding 


The leases were drilled originally in 1919 and 1920, but few data are 
available concerning early primary operations. It is known that air-repres- 
suring operations were used on the adjacent properties. 


Method of Completing and Operating Wells 


All abandoned wells in the flooded area were reopened and carefully 


plugged with cement. New water-input and oil-producing wells were drilled 
with cable tools. 


The input wells were completed by setting 10 to 20 feet of 8-inch surface 
pipe and drilling to the top of the sand where 6-5/8-inch pipe was set. The 
formation then was drilled through, shot, and the hole was cleaned out. A 
burlap packer on 2-inch plain pipe was set and cemented, and the 6-5/8-inch 
pipe was pulled, Each well was shot with 30 to 40 quarts of nitroglycerin, 
care being taken to keep the shot below the top 5 feet of the formation to 
prevent fracturing into an overlying soft, muddy shale. 


The producing wells were drilled in a similar manner, except that a 20- 
foot "pocket" was drilled below the oil sand, and the 6-5/8-inch pipe was 
reset after the shot and used as casing. The wells were then equipped for 
pumping with 2-inch tubing, rods, working barrels, and individual electrically 
operated pumping units. The wells are pumped off each morning and then shut 


down to allow the oil to accumulate in the shotholes and the pocket below 
the formation. 


Source and Treatment of Water 


Fresh water, from a gravel bed about 40 feet deep, is the principal 
source of water for flooding. A small Fairbanks-Morse pump, powered by a 
2-hp. electric motor, pumps the fresh water into a 100-barrel storage tank, 
where it is mixed with the brine produced from the oil wells. The brine 
flows from the tank battery into a small pond, where it is aerated, and prod- 
ucts of oxidation are allowed to settle out. It then flows by gravity into 
the storage tank. The mixed waters flow from the storage tanks by gravity 
through a closed filter. This conventional pressure-type filter is a 2-1/2- 
by 4-foot unit, with gravel and crushed anthracite as the filtering medium. 
From the filter the water flows into a 100-barrel clear-water storage tank 
that supplies a Gaso duplex injection pump. The filtered water is forced to 
the wells at a plant pressure of 210 p.s.i. Table 2 shows mineral analyses 
of samples of the filtered injection water and of the produced brine. 


Special attention is given to controlling the pressure at the input wells 
to prevent breakthrough or channeling of the injected water. Occasionally, 
when a breakthrough does occur, it is noticed at the producing well by the 
sharp increase in the injection rate. The offending input well is shut in 
until the wellhead pressure has dissipated. After a few days, injection is 
resumed slowly and pressure built up gradually. Water was originally injec- 
ted at a rate of 1 to 1-1/2 barrels of water per foot of sand; however, as 
the flood progressed, more attention was given to controlling wellhead 
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pressures. 


Breakthroughs have occurred at pressures as low as 100 p.s.i. 
Most of the channeling is the result of inherent sand characteristics, 


By- 


passing has recurred several times in the same input well. 


TABLE 2. - Mineral analyses of injection waters 


Allegany Oil Co. 


Persons project, Linn County, Kans. 


Produced brine 


Reacting Reacting 

values, values, 

percent percent 

Ion or radical Palmer 

Calelium (Ca): diecccs die ecdewec dees 4.30 

Magnesium. (MZ) ssccevscscceee ce eee 84 

Sodium “CNS). -o16bs46 eee o e045 o8 ewes 44.86 

Carbonate (C03) cccveccccccccccces 2.27 

Bicarbonate (HC03) ..ccecereceeees 16.51 

Sulfate (SO, ) Tererrrrr rT re ee eee 263 

Chloride (Cl): csicsdoetssw st eaewwes 30.59 

TOtal SOPLCS: s6s46 65.6646 0s0ee 100.00 
Hydrogen sulfide (H7S)..cccccccees None 
Bar dtm. CBS) seo hes dled ace ererw oreratone axe Trace 
SpecLlLic Sravity wos 6.60 s:00.0 8 8w sees 1,002 


Results of Flooding 


Allegany Oil Co. has had good results on the Persons project, where the 


oil is moderately viscous. Through June 1957, 45,480 barrels of oil had been 
produced by the 19 oil wells on 27 acres. A total of 260,800 barrels of 
water had been injected through 27 input wells for a water injected- oil 
produced ratio of 5.7:l. 


Rigid control of injection rates and pressures has been important in the 
attaining of this favorable ratio. The decline in oil-production rates was 
gradual in 1956 and 1957, approximately 2 percent per month. An extrapolation 
of the decline rate to an assumed economic limit of 70 barrels per month in- 
dicates a probable economic life of about 114 months and the recovery of more 
than 31,000 barrels of additional oil. 


The volume of produced fluid appears to have remained fairly constant, 
with increases in the water-oil ratio as additional sand sections are watered 
out. Selective plugging of watered out or more permeable sand sections might 
help to recover additional oil. 
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Summary of Operations 


Allegany Oil Co. Persons project 
LaCygne-Cadmus field, Linn County, Kans. 


Location - sec. 11, T. 20 S., R. 23 E. 
Sand flooded - Peru, 

Depth to top of sand = 220 feet. 
Average sand thickness - 15 feet. 

Area flooded = 27 acres, 

Well pattern - 5-spot (247 x 247 ft.) 


Type of water - fresh. 

Type of system - semiclosed. 

First injection - September 1952, 
First oil increase - December 1952. 
Status - active. 

Gravity of oil - 26.4° API. 
Viscosity of oil - 41 cp. at 100° F. 


Oil production, by years, bbl. 
see neers aheeeeL 


avast eaae e026 | 19535: 6,710 


1942 eeoceeoceoes 1,634 1948 eoceevseeevoees 1,519 1954 eeveeeeeeeecea 11,799 
TOES: ceicedads ‘C2380 \ T9809 co cascccs TeOLy |} WSS asaecsatcaee- 120072 
RGR icceegede SEAOTE | (S980 cSecccecetos: S50 1 1986 echeadec eens 20526 
1945 -e.Giccccexe, 14916 apeabaseee. . J6LO) 195) wecsescwaeses Chbsza6 


1946 srsceseseee 15894 iSiesaces pe 20700 

1/ Waterflooding begun on flood 1 pilot operation. 
not available, 

2/ Flood 1 pilot operation abandoned; 399 barrels of oil attributed to 
flood 2, 

3/ Flood 2 begun. 

4/ First 6 months figures, 


Primary production data 


Summary of waterflood performance 


Cumulative 
water injected - 
oil produced 
Date ratio 
DEGs sho htde cvcves 
POCE Sha choos sscece 
DSGy ees 1494 seccce 
pars 9 OM C5 
BOG e Phe thel0. ececce 
A eS a ey 


Bbl. 
260,803 
45,480 


Water injected to July hs 1957 @®eeeeeseecesee*weseseeseoeseeeeseeseseeseeeoeeenesee?e 
Oil recovered to July Ls 1957 @®eeeeeoeaoaoceeoeeseeaeeeeoeeseeeeeeseeeveeaseoeeaeneee @ 
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Monthly record of water injected and oil produced, bbl, 


1952 1954 


= 
Month injected| produced | injected | produced | injected | produced 


January cececee 702 
February .esecee 807 
March .occocecce 743 
ADILA  sissae wees 864 
May wessescerves 1,042 
JUNE: sicewse ews 1,045 
SULLY bases aes 1,297 
AuguSt .ocsccece 1,042 
September ..ccc 1,309 
October .eecoce 1,037 
November .occoe 866 
December .eceoce 1,045 


Total .... | 8,743 | 399 | 34,560 | 6,710 | 45,000 | 11,799 
Month 1957 


January coccocee 712 
February .coeee 736 
Marcn: 6.0666 ss-06 645 
ADIL. «6s440¢aten 676 
May ccoceccsens 756 
JUNG ws66s sees. 711 


JULY 6S erss.a eer 
AUZUSE. .scccces 
September .ocoe 
OGEODEY ’-sccise-s'a 
November .wecoce 
December .eceoce 


Total .... 60 , 000 12,072 75 ,000 10,264 37,500 4 236 


T. E, Bird Shireman Project 


The T. E. Bird Shireman flood, in sec. 19, T. 27 S., R. 22 E., Bourbon 
County, Kans., causing production of oil with a viscosity of 43.5 cp. at 100° 
F., was started as a pilot project in October 1949. Since that time, it has 
been expanded from the original pilot with 6 input wells and 2 oil-producing 
wells to a flood with 24 active input wells and 29 oil wells, covering ap- 
proximately 50 acres. The property has been producing by secondary-recovery 
methods continuously for the past 8 years. Figure 4 shows a map of the proj- 
ect and the history of oil production by waterflooding. 


The formation flooded, known locally as the Tucker sand, is at an aver- 
age depth of 600 feet and has an average thickness of 14 feet. Figure 5 shows 
a representative core analysis. Before flooding, the average reservoir con- 
ditions were as follows: Porosity, 20 percent; permeability, 113 millidarcys; 
oil saturation, 42 percent; and water saturation, 40 percent. The specific 
permeability ranged from nearly zero to 300 millidarcys, and the average 
effective permeability22/ to water was 7.2 millidarcys. 


‘2/ See footnote 21, p. 6. 
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FIGURE 4. - Map and History of Production by Waterflooding of T. E. Bird Shireman 
Project, Bourbon County, Kans., July 1, 1957. 
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DEPTH 


800 600 400 200 O O 20 40 60 80 (feet) O 40 80 120 160 200 240 280 320 360 400 440 480 52 
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FIGURE 5. - Results of Core Analyses of Tucker Sandstone, T. E. Bird 


Shireman Project, Bourbon County, Kans. 
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The oil produced has an API gravity of 26.3° and a viscosity of 43.5 cp. 
at 100° F. Analyses of three samples of oil, taken during the life of the 
flood, are shown in items 2 - 2b. Since the first sample was taken in 1954, 
the gravity of the oil has decreased slightly, and that of the viscosity has 
increased, 


History Before Flooding 


The first oil well on the Shireman lease was completed in June 1917. 
The drilling of other wells followed, and 20 oil wells were producing by 
December 1918, During January 1922, approximately 65 barrels of oil was 
recovered daily from the lease; other primary-production records are not 
available. The lease was abandoned early in 1922, following an unsuccessful 
attempt to increase the rate of oil production by injecting air. To June 
1957, 49 abandoned oil wells had been found in the producing area of the 
field. 


Method of Completing and Operating Wells 


The project was developed on a random spacing. Both water-input and oil- 
producing wells were completed similarly, each with 2-inch tubing set on a rag 
packer and cemented at the top of the oil sand. The old oil wells were recon- 
ditioned and shot, and the new wells were shot with 1 to 5 quarts of nitro- 
glycerin per foot of oil sand. 


The oil wells are equipped for pumping with insert barrels through l-inch 
pipe and pumped continuously by electrically operated pumping units. 


Development of the Flood 


After a water-supply well and six input wells for the pilot flood were 
completed, a water-pumping plant was constructed, and water injection was 
begun in October 1949. The drilling and addition of injection wells were 
continued, but additional oil-producing wells were not drilled until February 
1950, when two producing wells were completed. The results of the pilot oper- 
ation were favorable, and the project was expanded by drilling 8 additional 
input and 14 oil wells in 1950. During the following year, 2 water-input and 
2 oil-producing wells were drilled, extending the project to cover 35 acres, 
In 1952, 4 additional input and 2 producing wells were completed; this en- 
larged the size to cover 40 acres and increased the number of input wells and 
active oil wells to 20 each. Five infill oil wells were completed in 1953. 
No wells were drilled in 1954. In the last few years, the project has been 
expanded slowly. By June 1957, 24 input and 29 oil wells were active on 50 
productive acres, 


A triplex pump belted through a Varidrive to a 10<hp. electric motor 
comprises the water-pumping unit. Electric power for the injection pump and 
pumping units is generated at the plant site by a 25-kw. generator driven by 
a gas engine. A second power unit is used as a standby. 
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Source and Treatment of Water 


An old oil well deepened to the Arbuckle formation, which in this area 
is at a depth of 1,008 feet, supplies water for flooding. The well is equipped 
with 6-1/2-inch casing cemented to the surface with 180 sacks of cement and a 
heavy-duty pumping jack operated by a 1l0-hp. electric motor. Originally, the 
injection water was handled in a closed system; however, that method proved 
unsatisfactory, and an open system was installed. The earlier methods of 
treating water were described in detail by Powell.23/ In July 1957, the brine 
produced from the tank battery and the water from the Arbuckle supply well 
flowed into a pond of about 100=barrel capacity. This shallow pond serves 
primarily for skimming and mixing. The mixed waters are siphoned off, flow- 
ing over a single, horizontal, tray-type aerator and into a large settling 
pond, This second pond, with a capacity of approximately 7,500 barrels, is 
divided by an earthen baffle into 2 compartments, Water flows from 1 compart- 
ment into the other through 3 buried pipes. Water flowing over the aerator 
at one end continues through the earthen baffle to the other end of the pond, 
where it is pumped into the Infilco unit. Here chemicals are added, and the 
water is processed, From the treating unit the water is pumped through the 
filters to the injection pump. A plant pressure of 540 p.s.i. is maintained, 
and injection pressures and water-input rates are carefully controlled at the 
individual wellheads,. Table 3 shows the results of mineral analyses of the 
supply and injection waters, 


Results of Flooding 


Through June 1957, 136,800 barrels of oil was produced by 29 oil wells 
with an average of 2,733 barrels of oil per acre from the 50 developed acres. 
Slightly more than 1,700,000 barrels of water had been injected through 24 
input wells for a water injected-oil produced ratio of 8:1. This favorable 
ratio has resulted from careful control of injection rates and pressures, 

The recovery of 2,733 barrels of oil per acre from sand 14 feet thick is 
equivalent to 196 barrels per acre-foot which is considered good even for 
less viscous oils. 


During initial development of the pilot flood, injection rates of more 
than 2-1/2 barrels per day per foot of sand at pressures above 250 p.s.i. 
resulted in rapid channeling of injected water through the oil-producing 
formation. Lower injection pressures, with injection rates into individual 
wells governed by the behavior of adjacent producing wells, resulted in a 
Steady rate of oil production with a minimum cut in water. Since 1955 in- 
jection pressures have been increased gradually, and input rates have been 
increased to 20,000 barrels per month, 


Three input wells were fractured successfully by "Water-Frac." Several 
selective plugging methods have been tested. Although water-injection rates 
into some wells have been decreased, these treatments have not been very 
successful. 


23/ Powell, J. P., Survey of Water-Flooding Projects in Allen, Bourbon, 
Crawford, Labette, and Neosho Counties, Kans.: Bureau of Mines 
Rept. of Investigations 5317, 1957, pp. 74-78. 
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TABLE 3. - Mineral analyses of injection waters, T. E. Bird Shireman project, 
Bourbon County, Kans. 


Supply-well water Produced brine Treated water 


Reacting Reacting Reacting 
values, values, values, 
percent percent percent 


Ion or radical Palmer 


Calcium (Ca) ..cccoces 3.01 
Magnesium (Mg) .ccccec 1.76 
Sodium (Na) ecevecccce 45.23 
Carbonate (C03) ..e.s. 1.47 
Bicarbonate (HCO3 ) bas 13.73 
Sulfate (SO,) .ccccece 2.25 
Chloride (ci) joa weews 32.55 

Total solids .... 100.00 


Hydrogen sulfide (H2S) 
Barium (Ba) wccccccecs 
Specific gravity, 60°F. 1,005 1,003 

During the past 2 years the rate of oil production has declined only 
about 6 percent per year, with little change in number of active wells or 
area of the flood, 


A conservative extrapolation of the production-decline curve indicates 
an ultimate recovery exceeding 200,000 barrels of oil for the property. 


Summary of Operations 


tT. E. Bird, Shireman project 
Hepler field, Bourbon County, Kans. 


Location - sec, 19, T. 27 S., R. 22 E. Type of water - brine. 


Sand flooded - Tucker Type of system = open, 

Depth to top of sand - 600 feet. First injection - October 1949, 
Average sand thickness - 14 feet, First oil increase - February 1950. 
Productive area ~ 200 acres (estimated). Status - active, 

Area flooded - 50 acres, Gravity of oil - 26,3° API. 

Well pattern - 5-spot (irregular). Viscosity of oil - 43.5 cp. at 100° F. 


Oil produced and water injected by years, bbl. 


@eeoeoee0e8 80 0000608686008 80 119,721 
1951. c6¢snaeawic stepson 140 ,000 
1952 eeecececeacce 1956 eeeeeeecec 240 ,000 
1953s ecieiaeauwete 1957 cecccccee 120,000 


1/ Primary production data not available. 
2/ Includes water injected to 1949. 
3/ First 6 months figures. 
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Summary of waterflood performance 


Cumulative 
water injected - 


Active | Active 


Acres Oil recovery, oil produced 
Date flooded bbl. per acre ratio 
Dec. 31, 1949 2.6. 7 
Dec. 31, 1950 ..... 7 
Dec. 31, 1951 .weoce 7 
Dec. 31, 1952 ..0.. 6 
Dec, 31, 1953. ayes 6 
Dec. 31, 1954 ..ee 6 
Dees 3), 1959> évecs 6 
Dec. 31, 1956 ..0.. 7 
June 30, 1957 ..... 8 


Bbl. 


Water injected to July 1 1957 @e@eeeeeeeeuvegqgceeeoeeeoveoeeedceddon4@a#eeo1needests eee 1,070,445 
Oil recovered by waterflooding to July 1, 1957 cwcccccccccccvcess 136 ,869 


Monthly record of water injected and oil produced, bbl. 


1950 1951 M2 


Month injected | produced| injected | produced} injected ee 


January eovececce 
February eoececece 
March .occcccces 
April eecvoeeeeccoe 
May sovcccccecce 
JUNE wceoccccccveces 
July ee ee ee 
August eeovcecceooe 
September eaceoe 
October sé..ssss~8 
November .ccccce 
December .ecccece 


Total .wecoe 


Month 
JANUALTY ceccccee 
February secoees 
March eeocccevece 
April eoereeeereone 
MAY ccccccosvece 
JUNE cocccsecece 
JULY 0650s wearer 
AUGUS EC: 1s:6.0be0e8< 
September .ecooe 
October eeoeceeee 
November .eccceoe 
December .eceeoe 


Total ..... 102 ,169 vi 505 iis 721 20,565 | 140,000 15 500 
1/7 Includes water injected in 1949. 


Google 


19 


Monthly record of water injected and oil produced, bbl. (Con.) 


1957 
Oil 
Month produced 
January .scseseess 1,043 
February ecoeceoen 1,120 
March ceccccccccee 1,040 
April cuccccsccces 1,196 
May .ccccceccvesecs 1,109 
JUME cececccoesece 1,032 


JULY 9:0. eiwew- dw aie 
August eeooaeveeenee 
September .eccocce 
OCCODEr’ sik s6.cse es 
November .ccoscece 
December .cccccoce 


Total ....... | 240,000 | 14,578 | 120,000 6 ,540 


1/ Includes water injected in 1949, 


Susimo Oil Co. Remlinger Project 


In February 1952, Susimo Oil Co. began injecting water into 11 input 
wells on the Remlinger project in sec. 24, T. 23 S., R. 16 E., Neosho Falls 
field, Woodson County, Kans. The project covers about 90 acres, with 14 in- 
put wells and 23 oil wells arranged in an irregular pattern. Figure 6 shows 
the oil-production history of the leases and location of the wells on the 
project. The serious drop in the rate of oil production in July 1951 resulted 
from a shutdown of operations caused by inundation of the leases by the Neosho 
River. During January 1952, the rate of oil production decreased because 20 
oil wells were converted to water-input wells. 


The formation flooded is the Squirrel sand, which is at an average depth 
of 950 feet and has an average thickness of 8 feet. The oil sand has an aver- 
age porosity of 22 percent and an average effective permeability of 9 milli- 
darcys. Results of analyses of cores taken before flooding indicate an average 
oil saturation of 45 percent and an average water saturation of 20 percent. 
Figure 7 shows the results of analysis of a representative core. Oil produced 
from the formation has an API gravity of 26.8° and a viscosity of approximately 
42 cp. at 100° F. Items 3 and 3a show analyses of samples of the crude oil 
obtained in 1956 and 1957. Gravity of the oil produced during the life of 
the project remained constant; however, the viscosity showed improvement, 
decreasing from 41.8 to 33.7 cp. at 100° F. 


History Before Flooding 
Original development of these properties was begun in April 1950 and con- 


tinued through March 1951. Thirty-one wells were drilled and produced by 
primary methods until the start of waterflooding in February 1952. 
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OIL PRODUCED AND WATER INJECTED, THOUSAND BARRELS 
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FIGURE 6. - Map and Production History of Susmio Oil Co. Remlinger Project, 
Neosho Falls Field, Woodson County, Kans., July 1, 1957. 
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Method of Completing and Operating Wells 


All wells were drilled with cable tools, and in each well approximately 
40 feet of surface pipe was set through shallow gravel beds to protect fresh- 
water sands. A 6-1/4-inch hole was then drilled to the top of the Squirrel 
sand, which, in this area, is at a depth of about 950 feet. The oil sand was 
cored, and 5-1/2-inch pipe was set at the top of the sand. Each well was 
shot with 3-1/2 quarts of nitroglycerin per foot of pay sand, cleaned out, 
and equipped with tubing and individual, electrically operated pumping units. 


At the start of waterflooding, 20 oil wells were converted to water- 
input wells; later 3 other wells were converted to injection wells. In con- 
verting oil-producing wells to water-input wells, casing strings were pulled, 
the holes were cleaned and swabbed, and rag packers on 2-inch plain tubing 
were set and cemented with 10 to 15 sacks of cement per well at the top of 
the oil sand. Meters and control valves were installed at the wellheads to 
control water-input rates, which were determined by the number of feet of ex- 
posed sand in each well. A maximum injection rate of 2-1/2 barrels of water 
per foot of sand was used. Wellhead pressures of the input wells ranged from 
200 to 340 p.s.i. 


Source and Treatment of Water 


Two wells, completed at a depth of 250 feet in the Kansas City limestone, 
supply brine for flooding. These wells are cased with 6-7/8-inch pipe, 
equipped with 3-inch tubing and working barrels, and pumped with individual 
electric units. From the wells, the water is pumped into a covered 400- 
barrel wooden tank used as a storage tank. An oil seal on the surface of the 
brine in the storage tank minimizes the absorption of oxygen by the water. 

The brine produced with the oil is collected from the tank batteries and 
pumped into the storage tank where it mixes with the brine from the supply 
wells. 


A centrifugal pump forces water from the storage tank into the intake of 
the injection pump. The high-pressure injection pump, a triplex pump with 
chrome-plated plungers and powered by a 20-hp. induction motor, forces brine 
into the water-distribution line at a pressure of 460 p.s.i. Table 4 shows 
mineral analyses of the injected and produced brines, 


Results of Flooding 


As a result of waterflooding, the rate of oil production increased grad- 
ually from 9,818 barrels in 1952 to 22,851 barrels in 1955. Largely because 
3 more input wells were added in 1956, the rate of oil production during that 
year was sustained at 22,669 barrels. For the first 6 months of 1957, oil 
production was only 5 percent less than for the corresponding period in 1956, 


Since waterflooding was begun in February 1952, the project has resulted 
in recovery of more than 103,000 barrels of oil, equivalent to 1,146 barrels 
per acre, This recovery represents about 19 percent of the oil indicated by 
core analyses to be in place in the sand at the start of flooding or more 
than half of the 275 barrels per acre-foot shown by flood-pot tests to be 
recoverable. 
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TABLE 4, - Mineral analyses of injection waters, Susimo Oil Co. Remlinger 
roject, Neosho Falls field, Woodson Count Kans. 


Produced brine 
Reacting Reacting 
values, values, 
percent percent 
Ion or radical Palmer 
Caletum (Ca): 1%.64465 s548d0eewe ees os 26.54 
Magnesium (MZ) .ccccccccccccccsece 93 
Sodium: ((N4@): dese ce ceweeieeewse snes 22.53 
Carbonate (C03) eoeereeseccereocscs 0 
Bicarbonate (HCO3) ....ccccccccccs 3.99 
Sulfate (SO) wocccecesccvcccccecs 04 
Chloride (CL): «6 0s< swssiieesoicae'ss 100.00 
TOtC@L SOLIS: cs ésweeiets e:010-6'o eis 100.00 
Hydrogen sulfide (HoS) ....ecseeee None detected 
Barium. (Ba) «wos ee eee Sa wae ei 0 
SPGCILIG CPavity sssewc se swewswus 1,005 


A total of 444,000 barrels of water has been injected, giving a water 
injected-oil produced ratio of 4.3:1. This exceptionally good ratio has re- 
sulted from careful control of injection rates and pressures, 


The volume of brine produced with the oil is increasing, indicating 
that some highly permeable sand sections have been watered out. Selective 
plugging of these sections might increase the flooding efficiency and result 
in additional oil recovery. 


Summary of Operations 


Susimo Oil Co. Remlinger project 
Neosho Falls field, Woodson County, Kans. 


Location - sec, 24, T. 23 S., R. 16 E. Type of water - brine. 


Sand flooded = Squirrel. Type of system - closed, 

Depth to top of sand = 950 feet. First injection - February 1952. 
Average sand thickness - 8 feet. First oil increase - June 1952, 
Productive area - 106 acres. Status - active, 

Area flooded - 90 acres. Gravity of oil - 26.8° API. 

Well pattern - irregular, Viscosity of oil - 41.8 cp. at 100° F. 


Oil produced and water injected b ears, bbl. 


1950 @eeeoeeo00e20000688006 8 
L951 wccccccccccccccce 
LOS2EL e-winGeue. de aie\enisioinie 
1953 ®©@e@e060808080868 06080 CeO 
1/ Waterflooding began, 

2/ First 6 months figures, 


57,151 
75,164 
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Bbl. 
Recovery by primary methods to February 1, 1952 wcccccccccccccccees 26 ,490 
Recovery per acre (90 acres) by primary methods to 
February Ls by aerrrrr er eT eee ee TT ETE eT ee eee 294 
Water injected to July l, LOST ow oiaiereS's Wied & bee 64608 6 6 Os 0 aes oe eeie 443 ,916 
Oil recovered by waterflooding to July i 1957 ccccccccccececcscocs 103 ,125 
Oil recovered per acre by waterflooding to July 1, 1957 wecccccccee 1,146 


ummary of waterflood performance 


Cumulative 
water injected - 
oil produced 

Date niooeee wells ratio 


Dec, Sis 1952 eeecse 
Dec. 31, 1953 wcocee 
Dec. 31, 1954 sesese ec 
Dec, i a 1955 eooeu5e 86 
Dec. 31, 1956 sseeee | 90 
July 1, 1957 ..eoose 90 


Active | Active 


Feu an 


Monthly record of water injected and oil produced, bbl. 


1952 1953 1954 


= 
Month injected | produced |injected | produced |injected | produced 


JANUAaLy -60-6Gieuce es 1,611 
February .cecccecee 1,853 
MAaTeh:. ¢scicseseee< 1,785 
April eoeceesoccocee 1,744 
May @~ee0o000808000600880 1,844 
JUNC <6 400 sab 4.640% 1,835 
JULY... 6.6 o vias Gaierees 2,019 
August cecoeveeeeee 1,694 
September eoeecoe 1,811 
October eoveeeecee 1,858 
November wecccoce 1,901 
December .ecccces 2,171 


Total ssses. 22 126 — 


eS cape ae a ane | ln ee ape eee a epg ee i See ee ee a oe ee SS ee 


Month 1955 1956 ~1957_ 


January wecccccee 1,874 
February eoeveecce 1,716 
March ecoecceccecocne 1,952 
April eoeoevececce qr 
May eeeceecenesccce 9 

JUNG coccccccsoes 1,590 


JULY .ceeeweree ese 
August eoecoeeocees 
September ..ccoee 
October wccccccece 
November .ecoccece 
December .eccceoee 


Total seesee 10,727 


Google 


25 


Texas-Western Co. North Lease Block Project 


The Texas-Western Co. North Lease Block project in secs. 29 and 30, T. 
26 S., R. 20 E., in Allen County, Kans., has been expanded from a pilot test 
covering 5 acres on the Campbell lease to more than 25 acres. Nine input 
wells have been drilled affecting 9 producing wells, and an active drilling 
program is in progress, Figure 8 shows a development map of the project. 


ge 
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SCALE-FEET 


FIGURE 8. - Map of Texas-Western Co. North Lease Block Project, 
Allen County, Kans., Nov. 1, 1957. 


The formation flooded is the Bartlesville sand, which has an average 
thickness of 19 feet in the area flooded and is at an average depth of 800 
feet. Analyses of cores (fig. 9), taken before flooding was started, indi- 
cated the following average reservoir conditions: Porosity, 21 percent; 
permeability, 362 millidarcys (ranging from nearly zero to 568 millidarcys) ; 
oil saturation, 40 percent; and water saturation, 38 percent. Oil produced 
has an API gravity of 23° and a viscosity of 59.8 cp. at 100° F. Analyses of 
oil samples taken in 1956 and 1957 (items 4 and 4a) show a slight increase in 
API gravity and a decrease in viscosity of the oil produced since the start 
of water injection. 
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History Before Flooding 


Original development of the flooded leases occurred in 1915 and 1916. 
Eleven wells were drilled during this period; only 10 completed, Drilling 
difficulties necessitated abandoning one well. Production was by primary 
methods, and data are not available on the volume of oil produced, Five of 
the original wells were cleaned out and recompleted as producing wells in 
1955 during the pilot flood, 


Method of Completing and Operating Wells 


The five old producing wells used in the expanded flood are equipped with 
tubing and rods. They were completed with 6-1/2-inch casing set at the top 
of the sand. These wells were reshot with l-1/2 to 2 quarts of nitroglycerin 
per foot of sand and cleaned. They were pumped with a 20-foot, band-wheel 
power, driven by a gas engine until June 1957, when electrification of the lease 
was begun. Only one electric pumping unit was in service on November 1, 1957. 


The input wells were completed with 4-inch pipe set at the top of the 
sand and cemented to the surface. These wells were shot with 1 to 1-1/2 
quarts of nitroglycerin per foot of pay sand. 


Water originally was injected into input wells at a rate of 2 barrels of 
water per foot of oil sand penetrated; however, when some degree of fill-up 
was obtained, the rate was maintained at 1 barrel of water per foot of sand. 
Wellhead pressures range from 40 to 60 p.s.i. 


Source and Treatment of Water 


Water for flooding is obtained from a well completed in the Arbuckle 
limestone at a depth of 1,028 feet, Water was pumped directly to the input 
wells in a closed system without chemical treatment or filtration; however, 
an open-type, water-treating plant is under construction. Table 5 shows 
results of mineral analyses of the brine. 


TABLE 5. ~- Mineral analyses of injection waters, Texas-Western Co. 
North Lease Block project, Allen County, Kans. 


Supply-well water 


Reacting 
values, 
percent 

Ion or radical 5 Palmer 

Calcium (Ca) i:.6:6s0 esee0s 6000 bose weses 3.17 
Magnesium (Mg) .cccoccccssaccesccccecs 2.65 
Sodium (Na): 661s scwses scenes neces cews 44.18 
Carbonate (C03) cccccccecccvccvecveces 0 
Bicarbonate (HCOz) ..sceccoscscecccees 3.89 
Sulfate: (SO)): wiccds ose ws weaweeeweeuewe 90 
Chloride (ct) CCC ORORDR CODE Owe ee 8 se ee 45.61 
Total solids eoeCoeecceceeraoreceece 100.00 


Hydrogen sulfide (H7S) wsccccccceccess None detected, faint odor 
Barium (Ba) eeeceoeesveeoeceeoeeeeoeeenese None 
Specific pravit @#eeon00v0020e@e0e0e0e00000820e88 @ @ 1,002 
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Results of Flooding 


From core analyses it is estimated that about 34,000 barrels would have 
been required to fill pore spaces on the original 5-acre pilot. By January 
1, 1957, 24,000 barrels of water had been injected and 1,914 barrels of oil 
recovered for a water injected-oil produced ratio of 12.7:l1. Individual wells 
had shown substantial increases in the rate of oil production, justifying ex- 
pansion of the pilot project. 


During 1957, failure of the old band-wheel power and delays in installing 
new pumping equipment resulted in erratic production rates, However, it is 
expected that the new pumping equipment and treating plant will increase oil- 
production rates and justify the expansion now in progress, By November 1, 
1957, 40,000 barrels of water had been injected to recover more than 3,080 
barrels of additional oil. 


Summary of Operations 


Texas-Western Co. North Lease Block project 
Humboldt-Chanute field, Allen Count Kans. 


Location = sec, 29, T. 26 S., R. 20 E. Type of water - brine, 

Sand flooded - Bartlesville. Type of system - closed. 

Depth to top of sand = 800 feet. First injection - June 1955. 
Average sand thickness - 19 feet, First oil increase - July 1956. 
Area flooded - 25 acres, Status ~ active, 

Well pattern - irregular. Gravity of oil - 23° API. 


Viscosity - 176 cp. at 60° F 


Summa of waterflood performance 


Cumulative 


Active | Active water injected - 


Acres oil produced 
Date flooded ratio 
Dee. S15: 199) isees-<6 5 4 
Dee. 31, 1956: .4s<0 5 13 
Oct Sle? 19ST és iiss 25 13 


Monthly record of water injected and oil produced, bbl. 
F955 | i956 a7 


Month injected | produced} injected | produced | injected sey 


January. 636:4.<.e0s%.6 0 
February eoeevecece 77 
March: 4c viedeisiweere 153 
April eseceveecece 76 
MAY sets wenicce eeu 267 
JUNG: csneseceseus 118 
JULY 4 wisceareisiw hice 89 
August eceosceecoce 0 
September .eccoces 118 
October eeceveonces 268 


November eeeeeecece 
December ecenvcnvcen 


TOtalstccesge | 247 OL 21,622 WEE, 15 635 1,166 
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Bbl. 


Water injected to November L; 1957 eescoeeoeeoaveoeeoecoe eoeoeeascen*#g2eoco0ueee 0086 @ 40,038 
Oil recovered by waterflooding to November 1, 1957 c.ccccccccvececes 3,080 


Veeder Supply & Development Co, Brown-Wilmoth project 


The Brown-Wilmoth project of the Veeder Supply & Development Co. (fig. 
10) in secs, 12 and 13, T. 34 S., R. 18 E., in the Edna field, Labette County, 
Kans., is a relatively new one, started in December 1954, 


The formation flooded is the Bartlesville sand, which is at an average 
depth of 560 feet and ranges from 5 to 11 feet in thickness. Analyses of 
cores (fig. 11), taken with cable tools, show that the average permeability 
of the sand ranges from 83 to 141 millidarcys; some sections having perme- 
ability as high as 260 millidarcys. The average porosity is 16 percent. Oil 
saturation ranges from 32 to 55 percent and water saturation from 22 to 45 
percent. When water injection was begun, the oil produced had a gravity of 
26.1° API and a viscosity of 34.7 cp. at 100° F. An analyses of 2 crude- 
petroleum samples (items 5 and 5a), taken in 1956 and in 1957 during the 
flood, showed a gravity of 25.9° API and a decrease in absolute viscosity 
from 34.7 to 30.8 cp. at 100° F. 


History Before Flooding 


The discovery well was drilled in 1953; only five producing wells have 
been completed in the area, The oil-producing formation is of the "shoestring" 
type, and there has been little exploratory drilling to develop the producing 
area. Subsequent drilling has brought the number of wells drilled to 12, 
including 5 oil-producing wells, 4 water-input wells, 1 water-supply well, and 
2 dry holes. The production-decline curve in figure 10 shows the oil-produc- 
tion history by primary methods and beginning December 1954, by water injection. 


Method of Completing and Operating Wells 


The oil wells were completed with 4-inch pipe set and cemented at the top 
of the oil sand. Each well was cored to aid in locating the best seat for the 
casing, as it was thought necessary to "case off'"' several coal veins just 
above the oil sand. The oil sand was fractured hydraulically using 150 to 
200 barrels of oil and 5,000 to 7,000 pounds of sand in each well. The wells 
are equipped with 2-inch tubing, rods, and individual pumping units powered 
by 1-1/2-hp. electric motors. 


The 4 input wells were completed with 4-inch pipe set and cemented at the 
top of the sand. The sand sections in each input well were shot with 20 
quarts of nitroglycerin. The volume of water injected into each well is 
metered, and the rate is controlled by a valve at the wellhead. Electric 
clocks control the pumping periods, and heights of fluid levels in all wells 
are kept at a minimum. 
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OIL, BARRELS 


R. 18 E. 
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e OL WELL | 
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FIGURE 10. - Map and Production History of Veeder Supply & Develop- 
ment Co. Brown-Wilmoth Project, Labette County, Kans., 
Oct. 1, 1957. 
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Source and Treatment of Water 


Water for flooding is now obtained from a well drilled into the Arbuckle 
formation to a depth of 1,026 feet in September 1956. The Arbuckle well is 
equipped with a large pumping unit that forces the water into the input wells 
at a pressure of 400 p.s.i. through a closed system. Previously, two wells 
completed in the Oswego limestone formation had supplied the needed brine 
but proved inadequate. 


The rate of injection and the injection pressure can be regulated by con- 
trolling the speed and stroke of the unit on the supply well and by valves at 
each input wellhead. Approximately 1 pint of corrosion inhibitor per day is 
injected by a small chemical pump into the annulus between the casing and 
tubing of the water-supply well as "down-the-hole" treatment. 


Mineral analyses of water samples from the project (table 6) show that 
the Arbuckle brine contains about one-third of the total solids in the pro- 
duced brine and hydrogen sulfide. 


TABLE 6. - Mineral analyses of injection waters, Veeder Supply & Development 
Co, Brown-Wilmoth project, Labette Count Kans, 


Supply-well water Produced brine 


Reacting Reacting 
values, values, 
percent percent 

Ion or radical : 5 Palmer 
Cale tum (Ca): 4.66% -44500%0e4-o essence 7.28 
Magnestum> (Me): ss<6 seas es esee wees 3.49 
Sodium (Na) COC CHC CEC CCE OCHO EE HOO EO COS 39.23 
Carbonate (C03) ceccccccccccccscccee 0 
Bicarbonate (HCO3) .cccccccccccccees 5.30 
Sultate: (SO) ): 5066 sae wieislaouieswseeee's 0 
Chloride (ci) re ee eee re 49.49 
Total: SOLIdS ssicsidevesewes sus 100.00 
Hydrogen sulfide (H2S) ...ccccccccees Detected Detected 
Bar ini (Ba). .6.6cc ass bie sc eee woes oe saeces do. 20 p.p.m. 
Specific gravity 60° F. .cecocscecee 1.004 1,026 


Results of Flooding 


Comparatively slow injection rates have been maintained on the project to 
prevent channeling of water to adjacent oil wells. In July 1955, after only 
4,600 barrels of Oswego limestone water had been injected into one well, rate 
of oil production from some surrounding wells gradually began to increase, 
From average core-analysis data, it is calculated that complete fill-up of 
the original inverted 5-spot should have required about 14,000 barrels of 
water. In November 1956 the rate of water injection was increased from about 
820 barrels to about 2,000 barrels per month. Seven months later there was 
another marked increase in the rate of oil production. By October 1, more 
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than 13,000 barrels of oil had been recovered by the injection of 44,000 bar- 
rels of water, giving a water injected-oil produced ratio of 3.4 to l. 
Although the flood is comparatively new, results have been very favorable, 
and the cost has been law. 


Summary of Operations 


Veeder Supply & Development Co. Brown-Wilmoth project 
Edna field, Labette County, Kans. 


Location = sec. 13, T. 34 S., R. 18 E. Type of water - brine. 


Sand flooded =- Bartlesville. Type of system - closed. 

Depth to top of sand - 565 feet. First injection: - December 1954. 
Average sand thickness = 6 feet. First oil increase = July 1955, 
Area flooded = 20 acres, Status - active, 

Well pattern - inverted 5-spot. Gravity of oil - 26.1° APL. 


Viscosity of oil - 34.7 cp. at 100° F. 


Oil production by years, bbl. 


1956 eeoseeesveoeeeen 4,697 
1957 eeeceveeeeveveee 2/4 ,401 


19D S: we bow e tees es 1,364 
19541 oc ceccneseeews 55295 
CPP aT TRC er rere eee 3,663 
1/ Waterflooding begun. 

2/ Figures for 9 months. 


Bbl. 
Oil recovered by primary methods to December 1, 1954 .rcccccscccccese 6,319 
Water injected to October Li, 1957 G9eeeeoeeasseocoeeeeoeesmoagogceeeoasvseeeseoeaesonoeeoeeneesees do @ 0 44,190 
Oil recovered by waterflooding to October 1, 1957 wcsccccccccccsceeee 13,041 


Summa of waterflood performance 


Cumulative 
Active |Active water injected - 
Acres oil produced 
Date flooded ratio 
Dec. 31, 1954. <<cess 10 - 
Decy 31,5 1955) sowees 10 3 
Dees: B15 1956 oss éue 20 2 
septs, 30. L957: cscs 20 3 
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Monthly record of water injected and oil produced, bbl. 


1954 1955 


= 
injected produced injected produced 


JAMNUALY ceccccccesscccsces 255 
February eoeceececcceceeceeoce 261 
March @eeeeeoc@e@eos eoeaene00e2e0e0e060 261 
ADE. 66d seweasecanesawes 228 
May eeooeeseeeeeeeeeeeeee ese 236 
JUNE wecccccvcssescccccses 227 
JULY: sais eis os seeare Sereweses 241 
August eoeeeececeeeecscecce 283 
September eoeoeeveoeeneeeeen 330 
OCEODEr’ 44.454606% 6 ssoseuss 465 
November @eeoeoen0@2 0200200080060 8086 437 
December cecccccccccccvccce 51 439 


Total ssssssseseesees | Dk L280 | 10,142 | 3663 
Month 1956 1957 


January ceocseccccssccseres 319 
February cccccccccccccccce 306 
MATCH .46s6:00608400esnesees 324 
ADIL cade siedeeeewsee ses 337 
MAY: 4446-00655 6S oes 0seoee 378 
JUNG: cesses see sc bess eee we 584 
JOLY wise eetdeas ewes eenee« 670 
AUSUSE 466s 405 456 Seeeu ees 773 
September ..ccccscccccccce 710 


October eseeenoeaeeevoea oa eaoeoeseees 
November @es8se0008280008088080808686086 
December #@ee0a20e0020808008068800806008686 


Total ®@e@eeeeeeeeee@ @ @ @ 10 769 4,697 23 228 4.401 


Woodson Pipeline & Producing Co, Big Sandy Project 


The Big Sandy project (fig. 12) of Woodson Pipeline & Producing Co. in 
secs, 14, 22, and 23, T. 26 S., R. 14 E., in the Big Sandy pool, Woodson 
County, Kans., is an accidental waterflood augmented recently by the disposal 
of produced brine. A water-conditioning plant, now under construction, will 
be used to develop leases for pattern flooding. 


The formation flooded is the Bartlesville sand, which occurs at an aver- 
age depth of 1,300 feet and has an average thickness of 40 feet. The sand 
body is lenticular, varying in width and thickness, and limits of production 
have not been defined, Analyses of cores (fig. 13) indicate that the average 
reservoir conditions were as follows: Porosity, 20 percent; permeability to 
air, 75 millidarcys (ranging from 0 to 227 millidarcys); average effective 
permeability to water, 4.6 millidarcys; oil saturation, 45 percent; and water 
saturation, 35 percent. Results of analyses of representative oil samples 
(items 6-6a), taken during the life of the flood, show a progressive increase 
in oil gravity from 22.1° to 23° API and a decrease in absolute viscosity from 
82.7 to 63.8 cp. at 100° F. 
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FIGURE 12. - Map and Production History of Woodson Pipeline & Producing Co. 
Big Sandy Project, Woodson County, Kans., July 1, 1957. 
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History Before Flooding 


The flooded properties were originally drilled in 1926. The wells ini- 
tially produced as much as 300 barrels of oil daily. Early development was 
retarded, and lack of marketing facilities limited primary oil production from 
the lease, This situation eventually led to early abandonment of about half 
the original wells. Oil production has been by primary methods, although dis- 
posal of produced water in the Bartlesville sand was begun in 1956, 


In 1945 the rate of oil production from 17 producing oil wells began to 
increase because of an accidental flood. In 1948 two new wells were drilled 
and cored to determine the efficiency of this accidental flood. Casings in 
several of six old wells were tested to locate the source of the extraneous 
water, The wells were reworked and recompleted as oil wells. In 1956 four 
additional wells were drilled and cored in further attempts to locate the 
flood front and profit from the accidental flood. One old well was reopened 
and recompleted to serve as an injection well for the produced brine, 


Method of Completing and Operating Wells 


The single water-input well was completed with 5-1/2-inch casing set on 
the top of the sand and cemented to the surface. The old producing wells that 
were reworked were reshot with 2 to 3 quarts of nitroglycerin per foot of sand 
and thoroughly cleaned. Two of the old wells were completed with 2-inch pipe 
set at the top of the pay sand and cemented with 30 to 50 sacks of cement. 
Enough cement was used to raise the level of the cement above all water-bear- 
ing sands. The remainder of the annulus was then filled to the surface with 
mud, The wells are pumped with individual, electrically operated pumping 
jacks with l-inch pipe and insert barrels. Seven additional old wells were 
recompleted with 4-inch pipe and cemented with 300 sacks of cement. These 
wells are pumped with standard 2-inch equipment. 


The new ofl wells were completed with 4-inch pipe cemented in a manner 
similar to that used in other producing wells. These wells, however, were 
completed by being hydraulically fractured with lease crude oil and 4,000 to 
6,000 pounds of sand, 


Source and Treatment of Water 


Present source of water is the brine produced with the oil. The brine 
is skimmed to remove all traces of oil and flows by gravity from the separator 
to the injection well. Table 7 shows the results of an analysis of the pro- 
duced brine. Approximately 35 barrels was injected daily from June 1956 
through June 1957, totaling about 13,000 barrels. The location of a water- 
supply well has been staked, and several tanks have been set for the construc- 
tion of a water-conditioning system, Only tanks will be used to contain the 
brine during treatment. 


Results of Flooding 


Although only 13,000 barrels of water has been injected,. results from the 
accidental flooding, augmented by brine disposal, are excellent, as shown by 
the production-decline curve in figure 12. The new drilling and remedial work 


Google 


38 


have been important factors. However, increased productivity of the wells is 
a result of the water drive (the formation pressure has increased to about 30 
p.S.i. in the affected area of the field). It is estimated that between 2.5 
and 3 million barrels of oil could be recovered by injecting water into the 
reservoir. 


TABLE 7. = Mineral analyses of injection waters, Woodson Pipeline & 


Producing Co. Big San roject, Woodson Count Kans, 


Produced brine 
Reacting values, 
percent (Palmer 


Ion or radicals 


Caleliim: (Ca)? 65.6666 ucésw ele 66006 oe awe cieweee 5.96 
Magnesium (Mg) CRHCC CCC OC EEC HO CHS O LOE E EOC E EO OOEE 4,20 
Sodium: (NS). .csc00sso0hs. sedis we-sereeeeeeew ene 39.84 
Carbonate (C03) COCO ESOC EEOC OEE SOOO EES OLCe 0 
Bicarbonate (HCO3 ) COR CCC SCHOO OLE COC HCO EEE OOEOe 09 
Sulfate (SO, ) TEPER ERESESEPELELET ETE 0 
Chloride (C1) COOHCECO OOOH EOE EC EEE LE CORE OCLOE CES 49.91 

LOtal SOLIS: 5 .x4.6:0.6 sisiee sos bos see ewe wee 100.00 


Hy drogen sulfide (H2S) eeoeeseeereeeeoneaee seen ee None 
Barium (Ba) eaoeeveeeneceeeveseeevneeeeeeeaeeeesenee 192 pepem. 
SPECI ELC “CrAVLCY sé -cie oss s5c wine ses a ee we belo bere 1,059 
Summary of Operations 
Woodson Pipeline & Producing Co. Big San roject 


Big Sandy field, Woodson County, Kans. 


Location =~ secs. 14, 22, and 23, 
T. 26 S., Re. 14 E. 

Sand flooded - Bartlesville, 

Depth to top of sand = 1,300 feet. 

Average sand thickness ~- 40 feet. 

Productive area = 120 acres. 

Well pattern - irregular, 


Type of water = brine. 
Type of system - closed, 
First injection = unknown. 
First increase - 1945, 
Status - active, 
Gravity of oil - 22.1° API. 
Viscosity of oil = 63.7 cp. at 100° F. 


Oil produced by years, bbl. 


1926 seccecccecee 35,700 Cubewmecweas, 12,805 1.1948 casecsecuea 26.273 
1927 eeeeeevneeeneee 41,500 eovnoeeeeeen 10 , 896 1949 eeeeneoeaee 26 ,448 
1928 @eee2@e@ee0e080808006080 31,500 @e2e@e008e@8@8e@ee¢0e8 @ 10 ,896 1950 @e0000808080808080 27,127 
1929 @#ee@e206008808808800600080 30,500 @e@e@eeaeosoeeee00es8 0 11,194 1951 @eeeoe0aeese9#91eee?s 24,315 
1930 @eaeeoe00e8e0e00e@0e002e0 26 ,500 @eeeoeo0aeeeer?d ® 10,445 1952 @eeae0a2eeo0e0e0e080 22,058 
LOS stiswescecec: “255000 Ceeseececoey -LO,833 11953.. 6. owwe seen 20,770 
1932 #@eee0e0e0eeesee7ee? 8 21,500 @#e0eoeoeeeeee @ 10,405 1954 @eeee0e20800@808086 18,512 
19331/ ....cceece 19,214 Mecccccccce 9,369 |1955 cccccecccce 19,571 
1934 eeveeneneeeeee 18,147 eeeeneaeaeeease 8,369 1956 eoeeen2eeneoee 29,637 
1935 seccccccsecee 16,869 seccccccess 14,858 | 1957 sccceceeses 2/17,865 
1956 «Gis es osiee are. Los 240 Ss:6 64.6204 eae. LO S400 


1/ Early production data 
2/ First 6 months figures. 


estimated from incomplete 


records, 


Bbl. 
Oil recovered by primary methods, estimated to July 1, 1957 .w.cceeee 473,000 
OL1l recovered by natural waterflooding and disposal to July l, 1957. 164 ,000 
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